Recent National Institutes of Health changes have focused attention on the potential scientific impact of research projects. Research with the excellent potential to change subsequent science or health care practice may have high scientific impact. Only rigorous studies that address highly significant problems can generate change. Studies with high impact may stimulate new research approaches by changing understanding of a phenomenon, informing theory development, or creating new research methods that allow a field of science to move forward. Research with high impact can transition health care to more effective and efficient approaches. Studies with high impact may propel new policy developments. Research with high scientific impact typically has both immediate and sustained influence on the field of study.
The article includes ideas to articulate potential scientific impact in grant applications as well as possible dissemination strategies to enlarge the impact of completed projects.
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With this issue, the Western Journal of Nursing Research introduces a new feature, the Editorial Board Special Article. Each article in this series of occasional papers will address a topic of broad interest to the nursing research community. Each of our editorial board members will be asked to contribute to the article a short, independently prepared essay on the selected topic. Our hope is that this compilation of essays will provide a diversity of perspectives and serve to stimulate further worthwhile discussions among our readers.
A subject of particular relevance and concern to the research community right now are recent changes in the National Institutes of Health (NIH) grant application process requiring reviewers to assign scientific impact scores to research proposals (Table 1 ; Center for Scientific Review, 2009; NIH, 2009) . For this inaugural Editorial Board Special Article, we asked board members to weigh in on what "scientific impact" means with regard to research in general and nursing research in particular.
Marlene Cohen (University of Nebraska Medical Center)
Orientation material given to NIH reviewers gives expectations of reviewers to score each of the core criteria and overall "impact/priority." The more detailed instructions about what will be discussed at the study section notes, "be prepared to explain the significance of the problem and the overall impact the work will have on the field." Scoring instructions note that "impact/priority scores should reflect your overall evaluation rather than a weighted average applied to scores given to each criterion. An application does not need to be strong in all categories to be judged likely to have major impact. For example, a project that by its nature is not innovative may be essential to advance a field."
In addition, NIH notice number NOT-OD-09-025 describes overall impact: "Reviewers will provide an overall impact score to reflect their assessment of the likelihood for a project to exert a sustained, powerful influence on the research field(s) involved, in consideration of the following five core review criteria, and additional review criteria (as applicable for the project proposed)." The review criteria are significance, investigators, innovation, approach, and environment. Additional criteria deal with protection of human subjects and inclusion of women, minorities, and children, etc. Are the overall strategy, methodology, and analyses well-reasoned and appropriate to accomplish the specific aims of the project? Are potential problems, alternative strategies, and benchmarks for success presented? If the project is in the early stages of development, will the strategy establish feasibility and will particularly risky aspects be managed? If the project involves clinical research, are the plans for (a) protection of human subjects from research risks and (b) inclusion of minorities and members of both sexes, as well as the inclusion of children, justified in terms of the scientific goals and research strategy proposed? Environment. Will the scientific environment in which the work will be done contribute to the probability of success? Are the institutional support, equipment, and other physical resources available to the investigators adequate for the project proposed? Will the project benefit from the unique features of the scientific environment, subject populations, or collaborative arrangements? These instructions leave the reviewers free to interpret the meaning of scientific impact, as they should. Reviewers are selected for their expertise in some area of science so they are in a good position to interpret impact. Several aspects of impact come to mind vis-à-vis projects related to nursing science. Clinical importance is critical to nursing research. If questions will never result in clinical practice changes, they are not likely to have an impact on nursing science. Of course, thinking about Janean Holden's editorial in the WJNR (Holden, 2009) , I must quickly add that I do not mean the clinical changes need to be immediate, just that the potential exists for such changes. Proposals need to link projects in some way to clinical practice to argue for impact in nursing science. This includes projects at all points along the clinical translational continuum, from T1 to T3. (Definitions of these terms were developed and tested [Kleinman & Mold, 2009 ]. T1 research is designed to bridge the gap between basic science and human research, T2 moves human research to practice-and community-based research, T3 research moves practice-and community-based research to practice. Some [but not Kleinman and Mold] add T4, which is research seeking to evaluate the real-world health outcomes of a T1 application in practice. These phases are expected to overlap and provide feedback loops to allow integration of new knowledge.)
Other important aspects of impact include that the research has the potential to advance our understanding of a phenomenon, that it may inform the development of interventions, and that it focuses on a problem that is significant. It should be clear how the research will change health care practice or research approaches. Of course, strong impact will only be possible if the science is rigorous, so the other aspects of NIH criteria are also important. Rigorous science requires a method that is appropriate to the questions, conducted by a team of investigators who bring together the skills needed to conduct the study.
Greg Alexander (University of Missouri)
Research that addresses an important problem is defined as having significance. However, having significance does not necessarily mean that the research has scientific impact. Scientific impact goes beyond the importance of the problem to an assessment of how the research will have a "sustained influence" on nursing practice or other field of interest. This impact needs to be specifically defined. For more junior faculty, describing scientific impact can be difficult in early pilot studies, which typically are exploratory in nature. To describe scientific impact in early studies, novice researchers need to be very specific about the outcomes that will be measured and how an intervention will lead to improved outcomes. Within this description of scientific impact, principal investigators must provide expected time frames for the intervention to have an effect, how long an effect the intervention might be expected to have, and specifically what and how interventions will lead to sustained improvements in health. Novice researchers can begin to understand the significant impact of their work by exploring the strengths and weaknesses of their research designs earlier rather than later, gathering feedback about the proposed project through mock reviews with more experienced researchers, and implementing sound methodologies that increase generalizability to similar settings.
Jean Wyman (University of Minnesota)
Scientific impact is the sine qua non by which all research grant applications are judged by a group of independent peer reviewers. The NIH has defined scientific impact through its set of core review criteria that many other research organizations have adopted in part. For a grant application on clinical research to have scientific impact, the study aims must address an important problem that has significant health, quality of life, and/or health care cost consequences in a study population of sufficient size. There are no clear-cut answers for what size study population is sufficient. Although studies in small populations have been funded because of the rarity of the condition and the significance of the health consequences, nurse researchers should be aware that some applications have been judged to have lower scientific impact because the population they proposed studying was too small to have their findings have a major impact in changing practice. Addressing an important problem is necessary but not sufficient in assessing the scientific impact of an application. Overall, the study aims must reflect potential, that if they are achieved there will be an advance in scientific knowledge which could be a change in understanding of the problem being addressed, or advance in methods, technology, or the intervention being investigated. If it is a clinical research project, it should have strong relevance for changing clinical practice. Scientific impact is also strengthened through the use of concepts, approaches, methods, instruments, or interventions in new or novel ways in a research project. The other core criteria identified by the NIH are necessary criteria as well to ensure scientific impact. If the approach is flawed and the environment is not conducive to conduct the project, there can be no scientific impact. Also, in assessing the approach, the aims must be feasible to implement or there can be no potential for the project to have scientific impact.
Assessing scientific impact of a research application from a reviewer's perspective is sometimes challenging because of the lack of a clear justification for the project's significance and its innovation and a lack of attention to critical details in the application such as congruency between aims and methods. It behooves the investigator to have the application reviewed by several researchers knowledgeable in related areas so that when it is submitted it makes the strongest case with respect to scientific merit and has strong technical merit as well.
Nancy Fahrenwald (South Dakota State University)
Research is the foundation of improvements in human health. Communicating the impact of nursing science on health is essential for competitive review of NIH grant proposals. For nurse scientists, this added emphasis on the scientific impact of proposed research is welcome news. Nursing research is largely focused on patient-oriented phenomena related to health, disease management, and quality-of-life issues. These research foci readily translate to compelling, understandable, and relevant assertions of scientific impact. Our challenge as nurse investigators and as doctoral student mentors is to sharpen our skills in writing and critiquing the scientific impact of research. Elements of cost savings, better quality of life, decreased disease burden, and improved health outcomes, especially when achieved through innovative new approaches, are important to the impact of nursing science. Communication about the scientific impact of proposed research should summarize the significance of the work and its relationship to health issues affected by the findings, specifically how the research will affect these health issues, including generalizability across study populations. A related skill that requires our attention is to communicate research findings in a way that educates the public about nursing science. This responsibility can be partly fulfilled by including a scientific impact statement in published research articles and by communicating research findings through relevant public media. Nurse researchers and their interdisciplinary colleagues bear a tremendous responsibility for communicating about research in simple, clear, and understandable ways. The scientific community, policy makers, and the general public will benefit from this effort to clarify and simplify the scientific impact of research.
Davina Porock (University of Nottingham, United Kingdom)
To understand what might be meant by the term scientific impact, it is probably easier to turn the phrase around to ask the question: What is the impact of science? Specifically, from a funding review point of view: What will be the impact of the science you are proposing? The first thing to consider is where or on what might there be an impact? Science should and does make an impact on society, in terms of the economy, public policy, culture, and quality of life. The next question has to be: What is the evidence that your scientific research will make an impact on these areas? I will come back to this question in a moment.
The obvious area of impact cited for nursing science is nursing and health care practice. However, I don't believe that simply stating how the findings of research might affect practice (should the findings be translated into practice) takes it far enough. In a sense, the question is really asking: What impact does (the science of) nursing practice have on society, in terms of the economy, public policy, culture, and quality of life? We have probably not been taking a deeper view of the impact of our work, preferring instead scholarly conservatism about what we can really claim. Now that reviewers will be considering and scoring the scientific impact, it is time to reconsider what impact nursing science can and does have on society along with determining ways in which we can show evidence of that impact.
Quality of life and even public (health) policy are probably areas where we have considered the impact of our science. However, nursing research rarely enters the world of health economics or argues for the general economic impact of evidence-based nursing interventions on individuals, families, and communities. This is complex work to do but clearly without this level of justification, at least as a discipline, we will find it more difficult to justify public money being spent on nursing science. Considering the impact of nursing science on culture is probably even more foreign to scholars. However, when we consider Chin and Kramer's addition of Emancipatory Knowing to Carper's original four fundamental patterns of knowing in nursing, we start to realize the impact of nursing science on challenging cultural norms and expectations, empowering people to take control of their health (Carper, 1978; Chin & Kramer, 2008) .
The evidence of these impacts must come from a concerted effort to disseminate findings beyond the highest impact academic journals, which might only serve to provide us with kudos, to where findings can be translated into practice. For example, we could utilize mass media more often to inform the general public about nursing science, which may in turn result in more demand for nursing interventions. Perhaps this new scoring system will encourage us to collaborate with our colleagues in health economics more frequently and to be more determined to make an impact on society through the lives of those who need nursing care.
Mary Ellen Wurzbach (University of Wisconsin-Oshkosh)
One definition of scientific impact is the "degree to which one's ideas have freely contributed to knowledge and impacted the thinking of others" (Bollen, Van de Sompel, Hagberg, & Chute, 2009, p. 1) . The measurement of scientific impact is constantly changing. Historically, it has been measured most frequently by the average journal citation rate, with the Thomson Scientific Journal Impact Factor (JIF) being very popular. This is calculated as the average number of citations of those papers that were published during the preceding 2 years.
More recently there has been a disagreement about the use of citations versus usage formulas. Usage formulas entail the counting of the number of downloads of the articles of a particular journal or publisher. Usage formulas have been thought to be a better approximator of scientific impact and to provide more "consensus" about the scientific impact of an article or publisher. Many conclude that scientific impact is a multidimensional construct best measured in various ways with multiple indicators. There is also a belief that publishers of journals and books will need to develop more modern indices and practices to compete with the deluge of online information.
Susan Rawl (Indiana University)
Scientific impact is an abstract construct that has not been well defined and may mean different things depending on the context. The value of science has been defined as "the degree to which one's ideas contribute to knowledge and impact the thinking of others" (Bollen et al., 2009 ). Evaluation of scientific impact will be considered first in the context of published research, then in the context of research proposals.
The scientific impact of a research publication may be equated with prestige, popularity, reach, demand, influence or importance. Because scientists use citations to indicate whose work has influenced their own, citations counts have been considered to be the gold standard for measuring the "impact" of a scientific paper. However, in this era of increasing electronic access to articles, we now have the ability to estimate the impact of an article much earlier than in the past by examining usage data, such as the number of downloads of a publication. Watson (2007) conducted a recent analysis demonstrating that the number of times an article was downloaded in the first 1,000 days after publication correlated highly with the number of citations 5 years later (r = .62). In another analyses of articles published in the journal Nature Neuroscience during 2008, the correlation between article citations as of March 2008 and the number of PDFs downloaded in the first 180 days after publication was .72 ("Deciphering Citation Statistics," 2008) . These usage statistics may provide increasingly useful metrics to assess "demand" for an article and predict subsequent citations (Brody, Harnad, & Carr, 2006; Perneger, 2004) . It is likely that citation numbers represent only one factor within a much more complex, multidimensional construct we call scientific impact.
Evaluating the scientific impact of proposed research as presented in a grant application, however, is a very different challenge-one that seems to require the evaluator to possess clairvoyant skills or a crystal ball to predict the future. Unlike published research, evaluating the overall impact of a research grant application requires the reviewer to consider the potential contributions that are likely outcomes of a study. Although I have reviewed many grant applications over the years, determining the impact remains one of the most challenging aspects of this work. Knowing that funding, and in some cases an applicant's career, hinges on my evaluation of their research, I devote many hours to carefully consider the strengths and weaknesses of each application.
Even when evaluating research proposals, context must be taken into account because scientific impact is defined differently, depending on the grant mechanism and the granting agency. For example, in evaluating NIH postdoctoral training grants (K awards), reviewers are asked to provide an overall impact score that "reflects their assessment of the likelihood for the candidate to maintain a strong research program." For predoctoral training grants (F awards), reviewers are asked to provide an overall impact score that "reflects their assessment of the likelihood that the fellowship will enhance the candidate's potential for, and commitment to, a productive independent scientific research career." For research (R-series) grants, reviewers are asked to evaluate the overall impact as "the project's likelihood to have a sustained, powerful influence on the research field(s) involved" and to take the criteria in Table 1 into consideration when determining the overall impact score.
Each of the five NIH review criterion is rated separately, based on how important that criterion is to the work being proposed. As a result, a reviewer may give only moderate scores to some review criteria but give a high overall impact score because one review criterion that is critically important to the research is rated highly. Similarly, a reviewer could rate most individual criteria highly but rate the overall impact score lower because one criterion that is critically important to the proposed research was not highly rated. An application does not need to be strong in all categories to be judged likely to have major impact. For example, a project that is not innovative may be essential to advance the field.
Although complex and challenging, the grant review process is thorough, fair, and reasonably objective. The convergence of at least three expert opinions along with the opportunity to discuss strengths, weaknesses, and the potential scientific impact of a proposed study results in the best science moving forward. Serving as a scientific peer reviewer is an amazing opportunity to shape the future of nursing science and practice. It is my hope that we can exponentially increase the number of nurse scientists who lead interdisciplinary teams to conduct rigorous studies with great scientific impact that positively affect the health of our nation. Your innovative ideas, energy, commitment, and scientific leadership have never been more urgently needed.
Vicki Conn (University of Missouri)
Each of us as researchers naturally views our own investigations as interesting and vital to the discipline in which we work. But numerous examples exist in the literature of studies that use extremely sophisticated methodologies to examine trivial problems-a practice I have referred to as slaying substantive gnats with methodological cannons (Conn, 2004) . As funding for research becomes ever more competitive, it should therefore be of no surprise that increased emphasis is being placed on the value or worth of a study to a research field-on its "scientific impact."
In describing what scientific impact is, it is important to point out what it is not. Scientific impact is not synonymous with scientific significance. By significance, I mean the magnitude of the problem under investigation, often expressed in terms of numbers of people affected or in costs to health care systems or society as a whole. Although high-impact studies typically do address significant problems, the magnitude of the problem being addressed does not mean the study will have impact. A study with design flaws will have little chance of success, so it will de facto have little impact, even if the problem being investigated is highly significant. Factors such as strength of design, sample selection, and feasibility of implementation figure into the impact equation, but again, none of these individual features should be viewed as the sole determinants of impact.
Scientific impact is most properly viewed as the capacity for a study to bring about change. Under this broader definition, many different kinds of studies can have an impact on a research discipline: those whose ideas challenge and overturn existing theories and modes of thinking; those using interventions that substantially improve the health and well-being of patients with chronic or acute diseases; those that identify faster, more efficient or more cost-effective technologies or treatment methods. An underacknowledged yet vital aspect of impact is the timely dissemination of study findings. Even the most stunning results can have no impact if no one ever knows about them. Thus, in reviewing grant applications for impact, reviewers should take into consideration whether investigators have the capacity for follow-through to publication. This is best achieved by assessing investigators' publication records, as past success is often a good predictor of future productivity (Conn, this issue) .
Scientific impact has a temporal component. High-impact studies will continue to exert their influence long after they are completed. For example, studies that identify key intervening, mediating, and moderating variables of a particular intervention will serve as a reference point for future investigators endeavoring to increase the effectiveness of that intervention. Interventions resulting in significant reductions in morbidity and mortality will find their way into clinical practice and in some cases may influence into national health care policy. Studies with both an immediate and sustained influence on science or practice will have high scientific impact.
A few strategies may be useful for investigators wanting to ensure their studies will have high potential impact. First of all, investigators should consider a study's impact potential in the very early stages of the design process. Thinking about impact at the beginning of the process rather than after the fact may prevent investigators of falling into the trap of using tried-and -true methods that ensure successful outcomes but whose findings cover the same familiar terrain. Although a need certainly exists in nursing research for replication of studies, innovation is more likely to lead to results that have substantial long-term effects on how we think about and do nursing science. A strategy that many investigators use when preparing a grant application is to submit the proposal to a mock review by colleagues. A similar strategy might be used at the very early planning stages of a project to obtain a critical assessment of the impact of the proposed work. Investigators might consider organizing prospectus parties in which they engage in lively dialogue with colleagues about a project's impact (or lack thereof). The early detection of proposal ideas with limited scientific impact could avert many months of wasted effort. When it comes to preparing actual grant applications, investigators should provide concrete examples rather than vague, general statements about the potential impact of the proposed research.
In sum, impact is a multidimensional, future-oriented concept that measures a study's potential to change research approaches, clinical practice, and public policy. The increased emphasis on scientific impact in funding decisions may give nurse researchers the impetus to design projects that are not just technically sound but are potentially transformative.
Conclusions
This paper presents a variety of perspectives about the meaning of scientific impact from which some common themes emerge. The authors agree the importance of the problem is not adequate to justify impact. The project must contribute new knowledge that is essential to move future research or practice forward. Collegial discussions regarding potential scientific impact early in project planning can be extremely valuable. Articulate specific descriptions of scientific impact in proposals are important. Several of our board members pointed out the importance of communication of research results to scientific impact. Dissemination of findings has traditionally been limited to scholarly journals, but greater impact might result if findings could be communicated to nonspecialists through authoritative mass media venues.
Scientific impact in its broadest sense refers to the potential of research to elicit change. High-impact studies send scientists down new investigatory pathways, spur practitioners to try new treatment protocols, and convince legislators to divert tax dollars into new programs. Such studies have a long shelf life and may continue to exert their influence on a research area or scientific discipline over the course of many years.
